The extraction of Bi(III) in nitrate media has been investigated using aminododecyldimethylenediphosphonic acid, ADDMDPA, which was previously synthesized and characterized. The extraction of the cation was carried out in different media with the addition of CH 3 COONa, KNO 3 and HNO 3 . The maximum extraction yield for Bismuth is 70% after addition of 0.01 M of potassium nitrate at pHi = 2.9, in one step.
Introduction
Bismuth is used in the cosmetics industry for the preparation of creams and hair dyes, while some of its colloidal salts (subcitrate and subgallate), due to their antiseptic, astringent and diuretic properties, have important applications in pharmaceutical preparations and are employed as anti-ulcer, antibacterial, anti-HIV and radiotherapeutic agents [1] .
World reserves of bismuth are usually obtained as a sub-product in lead, copper, tin and gold ores [2] [3] [4] . During the industrial metallurgical process of these ores, leaching stages with H 2 SO 4 , HCl and HNO 3 are involved, and highly acidic solutions with base metals and bismuth are obtained [5, 6] .
Bismuth is a curious metal and could be toxic in an unsuitable form [2, 7] . Its metal extraction is a major challenge in the metal addressing the environmental pollution, its mode of physiopathological action was little studied and it is not yet understood [6, 7] .
The synthesis of new organophosphorus extractants which form stable complexes with metallic species is of great importance for improving existing hydrometallurgycal processes for their recovery [8, 9] .
In fact, we have synthesized aminododecyldimethylenediphosphonic acid for such a purpose. The characterization of this product was achieved using various spectroscopic methods including ( 1 H NMR, 31 P NMR, 13 C NMR, FTIR and the like).
We have studied this acid in the recovery of metal species Bi +3 under the optimal conditions in different media, in one step.
Experimental

Reagents and Solutions
The reagents used in this work were dodecan, phosphorus acid (35%) from (Aldrich). HCHO and Bismuth nitrate was purchased from Merck. The aqueous solutions concentrations of Bi(III) in nitrate medium taken as 0.5 mmol·L −1 and the organic (ADDMDPA) solution concentration was taken from 0.5 to 10 mmol·L −1 . H NMR spectra were measured on a Bruker AC 250 working at 250 MHz in a CDCl 3 solution. Infrared spectra were measured on a Perkin Elmer 16 PC-FTIR equipped with a thermostat to maintain the temperature of the sample at 25.0˚C ± 0.1˚C. A Phywe WTM 320 with combined glass electrode was used to measure the pH of the aqueous solution before and after extraction. In a water-acetone mixture (15:5), a known mass of the ADDMDPA was titrated with a solution of NaOH (5 mmol·L ). Metal ions were determined using the electrothermal atomic absorption GFAAS, system GBC 932, and system 3000 automated graphite furnace (GBC Scientific Equipment, Dandenong, Australia). Background correction was made with a deuterium lamp and pyrolytic graphite tubes were used. Settings such as lamp current, wavelength, temperature programs, and slit width were those recommended in the operating manual.
Instrumentation
Synthesis of the Extractant and
Characterization ADDMDPA was synthesized following a method first described by Largman et al. [6] with an original modification developed in our laboratory [7] . The product presented the following properties, and its formula is shown in Figure 1 . Formula: CH 3 -(CH 2 3 indicated that in water-acetone medium, the fourth acidity is not attained corresponding to very weak acidity.
The presence of P = O wide band indicates hydrogen intermolecular bonds P = O·H-OP and N|·> H-O-P.
The ADDMDPA is soluble in most organic solvents, and shows intermolecular hydrogen bonding, forming polymers depending on the solvent polarity [10] .
Thus, in chloroform that we used in our study, the ADDMDPA is generally present in a dimeric form, as shown in Figure 1 [11, 12] .
Extraction Experiments
The extraction experiments were carried out with ADD-MDPA dissolved in chloroform. After various preliminary tests with different solvents, chloroform has been chosen since it dissolves the extractant without trouble or emulsion.
The appropriate volume of the aqueous solution (10 mL) containing the metal ion and the ADDMDPA (aqueous/organic volume ratio of 1:1) were mixed in glass flasks.
The mixtures were shaken in a moderate way, for at least 6 min for Bi(III). All the experiments were carried out at 20˚C.
Results and Discussion
The results of the extraction experiments will be dis- cussed in terms of the distribution coefficient, D, and the extraction yield, Y [13] .
with the variables being as follows: m i : initial mass of metal ion in the aqueous phase; m f : mass of metal ion in the aqueous phase after extraction; V org : volume of the organic phase; V aq : volume of the aqueous phase. The molar ratio Q is defined as the ratio of the number of moles of the ligand in the organic phase versus the number of moles of metal in the aqueous phase before extraction.
Extraction Kinetics
The equilibrium times were 6 min for Bi(III). The results are shown in Figure 2 . Figure 2 shows that the maximum extraction yield was obtained after 6 min of moderate shaking The AADDMDP extracts in cationic exchange mode with substantial yields because the extractions are done to only one cycle.
Effect of the Molar Ratio
Influence of the Ionic Strength on the Extraction of Bi
3+
The influence of the ionic strength on the extraction yields of Bi(III) with AADDMDP diluted in chloroform, was studied by adding potassium nitrate and sodium acetate to the aqueous phase at the same concentration 0.01 M. The yield of extraction of Bi(III) decreases with the increase of concentration of the sodium acetate in aqueous phase.
According to these results, it is noticed that the addition of CH 3 COONa decreases the extraction yield, on the other hand the addition of KNO 3 increased it to 70%. This is due probably to the basic medium imposed by the sodium acetate; consequently we were interested to the study of the evolution of the yield according to the variation of the concentration of KNO 3 in the aqueous phase.
Effect of the Addition of KNO 3
In order to study the influence of the ionic force on the extraction of Bi 3+ , three quantities of KNO 3 were added to the aqueous phase before extraction.
According to these results, after the addition of KNO 3 0.01 M, the yield is 70% with Q = 1. In the interval of 0.1 -1 M, the increase of the concentration of KNO 3 will have a negative effect on the extraction yield, because of the competition between the two cations (K + , Bi 3+ ). The stoichiometric coefficients obtained from the plots Log E vs. Log [AADDMDP] and Log E vs. pHeq, shown in Figures 8 and 9 respectively may suggest the reaction mechanism of bismuth extraction.
The slopes are respectively equal to (0.75) near to 1 for extractant and 1 for the pH.
The equilibrium equation is written as follows:
Effect of Nitric Acid on the Extraction of Bi (III)
We note that in acidic media, the extraction yield decreases drastically reaching a minimum of 5%. 
Effect of Temperature
The effect of temperature on the extraction of bismuth (III) ions was studied under optimum conditions. Different thermodynamic parameters were computed using Van't Hoff equation in the form.
ΔH ΔS
Where ∆H, ∆S, ∆G, and T are the enthalpy, entropy, Gibbs free energy, and temperature in Kelvin, respectively. The values of equilibrium ratio (Kc), were calculated at each temperature using the relationship.
Where F e is the fraction of Bi(III) ions extracted at equilibrium.
The plot of log Kc vs 1/T is a straight line as shown in Figure 13 with correlation coefficient r = 0.9947. The numerical values of ∆H, ∆S are computed from the slope. The negative value of Gibbs free energy as shown in Table 1 indicates the spontaneous nature of extraction, while negative value of ∆H reflects the exothermic extraction behavior. The negative value of ∆S indicates the complex stability
Conclusions
The solvent extraction of the species Bi(III) with ADD-MDPA dissolved in chloroform was explained taking into account the formation of different complexes.
In nitrate medium, the extraction kinetic is very fast. The optimal extraction parameters for metal ions concentration of 0.5 mmol·L The addition of CH 3 COONa decreased the yield of extraction much while the addition of KNO 3 to the same concentration of 0.01M with increased the extrability of our cation up to 70% with Q = 1.
The increase in the concentration of H + of the aqueous phase had an antagonistic effect on the yield of extraction
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